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(54) Title: PIEZOELECTRIC / ELECTROSTRICTIVE DEVICE AND METHOD OF MANUFACTURE THEREOF 
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^ (57) Abstract: A piezoelectric / electrostrictivc device (I OA) comprises a pair of opposed thin plates (16a, 16b); a movable part 
\© (20); a fixed part (22) supporting the thin plates (16a, 1 6b) and the movable part (20); a piezoelectric / electrostrictive element (24a, 
24b) attached to at least one of the thin plates (16a, 1 6b); and a hole (12) defined by both inner walls of the thin plates (16a, 1 6b), 
an inner wall (20a) of the movable part (20), and an inner wall (22a) of the fixed part (22); and a mechanism (100) for limiting the 
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0 0 0 0 //mW£L<, MKffi: L < & 1 0 0//ra~l 0 0 0 /imt 
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$2 0<h@»2 2(7)#J®^^-r^ck5^-^©^^l 6 aRtf 1 6 b« 

BPS. ^Cffi/tSr/H^lOAttl ¥ifiirt (XZMf*)) K&tt3"J 
gifts (^t>t$5tI9^ftCDSfrffO £MT-5iIchrtn?#&o 

Titters. 

@£S&2 2f£, ±i£Lfc£?l;i, 1 6 a &tf 1 6 b&tftC^JM 2 0 * 

y K©fi:a*«>{CjpJffl-r5»'&Ctt> VCM (^73^;^-^) KJSOtttt 

r =f- 2 4 aSt^'2 4 b^j^glj1"o/c«6«^3 2£tf 3 4 -rO^gW^SHS^ft 
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»«8& 1 6 a Rtf 1 6 b fct. _kJE L fc «fc 5 Id . Ei/SIif 2 4 aS^2 4 
bCDMic£0rarf3$#T&5 o 6 aRtfl 6 b fct nJ&ttfcWT 

5»tRtt<oa5«-b*^T. ^ffiHEIS:$nfeBE«/*M^2 4 a&tf 2 4 b© 

6 a&t/l 6 b<Z>J?*Ldti. 2 1 0 0 umlBi&tTZZttf 

$?£L<, *«»16a (t>K(il6b) tES/IS^T2 4a (fclXtt 
2 4 b) t*-&b1i-fcj?*tt7 /zm~5 0 0 timttZZt&SHi^' 
8^3 0«U^0. 1-5 0 urn. jE«/«M2 6 0ff*tt3 ~3 0 0 ^ 
mtt5:WilH. Wl6a^l6bC^LbtLTIl 5 

Owm~2 0 0 0tfmMl?J55. 

6 a&tf 1 6 b*«fi£r5ttfttL,Ttt, pJ1jS&2 0^@£SB2 2 t 
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UtfAffl. >J>WSH. -y$\>k -yWl/ft^T^rs^i^^' 1 ' 

^oi^coft^^fik ^^-frsciicfco. ?)vn-7\t&tt&i\z$>z^ 

bftfAtfUg^KSoTte. 1-3 0^%. *f*L<«l. 5-10^)1%, W. 
<b-feU^A©«'&CftoTtt, 6-5 0^%, }f$L<B8~2 0m. & 
fcj])lz/OA-*WLfc^#**sVA<D#&fc&-oTI*. 5~40^%. 
«5~2 O^fctf 5:i<*:#S£U>jk ^(D + T fc^CBtft'T y h'J£A£ 

8sJn<tofcUT7;l^:*-, ->U#, !&&JKSIMl^£0. 05~20wt%©i 

ft^gSO. 05~3#m, fc?£L<&0. 0 5 ~ 1 tfinitS - Cu. 
±i£OJ:5l:. 8ffiS16aRtJ!l6bl:^m Pj»a$2 0MtfKH 

0A©m 8i!ji©««IS©ffi«S0S±T^JT»«. 
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SKI 6 aRtf 1 6 bi©M^-&l3^6iL- ; e;i/7Si(D^^\ B£T*£ftS<&5£ 

-^oii28, e*/*2JB2 6&tfffi#«0« 

06-01 0C^T£5C, ^SfcJfcKLTfcJ:^. 
Iilfij£i/tlif2 4a^2 4b(l 0 1 fc^Tcfc ? tC, ffl/fSr/N" 

10A©rtIi, BP'S. M12 0»:M1/Tfe c t<, JBE«/*£tW 

y?;*-$»SU8i«#-fe7'5 y 77., y^^Sffi^Cd: 
fe^JMo. <{BU 1 0ff l/llf AW X 1 0 A ^ A- h' T / ^ ^ H 7-f 7* 

yWLi~ h U ^Ak'^^Xv -^y^'J^A-^hU^A. ? >?;i/&7 h P >5F 
£ A t' X V 7 ^ £¥®T* & 5 1/> fctg£& i Is Ttt-t 5t75-^X^f^ 

fe^4»ffia? (t7^7^^) 1 6 aWl 6 b<h©£Jft£^£< . 
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>^f>, A'J^A, ^t7\ EBh r>y^r;k T>#>, -feD^A, = 

iz. yyty^zhny^oixZ^fiz^zzuz^io* mmfr^BMft&zffl 

finjflg £ ft: 5 $<&f iJ^^# b n* 5 o 

^f>, jkr-^A, DS?£A. XX, *>*;k ^>^Xr 

flES/mS^ : ?2 4 a&tf 2 4 b 2 8 Rtf 3 0 ©Wfliifctt. ffi 

m/mmM2 60wsi;ft#bi^$n^. fl*.tf»«£Bi 6 a&tf 1 6 

b±fc-^©«S2 8£ML£&. R-#0«ffi2 8±HJE*/*2*2 6£ 

«KcfcD«-f5ig£te, -^<0«S2 8tfi. JEt/iIi2 6©I^ 

Ii2 6MLrctL KJB=m/mS£S2 6±fC^BJcStlS«!l^©«ffi3 Ott. 
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nm2 8R&3 o<nm?>-\z, >pm^tJ£n/nmmT2 4 a&#2 4 
^5ii2 8&^3 01:11 ^dc^c«3e-r?cko»v^#sn5wai^R^ 

MS 1 <D$LM<DMmz&Z!£m/MM : f/U * 1 0 A0»i£#££ia 1 6 
1 8 £#SBLft#6!ag3"r5. 

-(ominmmcDMmizmz&m/mmT/u*! oah 

4 aW2 4 b^i<I*14, IPS, $ffiS5 1 6 a Kitf 1 6 b . @^BB 

5;t«K, ffi$/«a^P2 4a&tf2 4b£tti;i&£LT, & 

Sg^ 3 2 RC^ 3 4 £"3 UTH SK^/? m^OH^^^fe^ffl t^TMTS d i 

:©»l©^JfiO^Sg{C^SEE«/Mx/U^l OATH »«8U1 6 aR 
1 6 b£H£g&2 2 fc0Jg#a5# 1 6 a&tf 1 6 b 

«tBl»«2 0tO*#a5^ H 3gfif6HO^t^Sfc*, 
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$7^yj->y-h50A, 50B, 5 2A, 52B> 54A, 54BR^5 
6 £t#3„ 

cnbir^i •y^^U->v— h 5 0 A. 50B. 5 2A> 52B, 54A, 
5 4B^56H '>/i<t«^12Mn^l 10 Wf&Ztltz 

tfc&CJLSU 1 OtW&l 0 2£«-f5&£8l 1 2#1 

mMfcitntcmi.®. (M^2W Ot75yf^J->'>-h54A&^54 
B<h, ^1 14«$n, hy/t«Mtl 2 2t*S<»JAtf 

mfUAim ©t7$'^^ l J->v-F5 2A^5 2B^^1"^ 

^<DWl, mi 6B(C^T=fc^(C, t7S-;^^'J->y-h 5 2 ARtf5 2B 
Tt75^^'J->y-h5 0A > 5 OB, 54A, 5 4 B Rtf5 6 
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y 9 V x ) — y h 5 0 A, 5 0B> 52 A, 52B. 54 A, 54BRU"'56 
->Si#5 8 SMLTt^^-^SIifte 0 (01 7 #88) 
^tfggillO, 1 1 2RZfl 1 4C9«. -fe^S-y^7^'J->->-h^ft» 

ic «fc y) m mvffife £f#s & ? tcs^aa zztwvzz. 

Ml 1 0. 1 1 2&tf 1 1 4©J&fttt. T^T[r]-T^5^S^<. BfS 

i 

&4b\ 1 7 5 7 ^ ^ 'J - > y- h 5 2 ARt; 5 2 B ^1^ C tt- 7° 7 

^ yVW — yis— Y 5 2 A£tf 5 2 Bd^JB*nfc*iSCffiaT**®tw^n 
^ttJM/MJlS? 2 4 a&tf 2 4 b£J&fifc-f E*/*^*^ 2 4a02 

l/-f>f>m ik¥%ttJ&&& (CVD) , *o^O*lfi^teSffl^5^ 

C«fcO, ti&tmzm^ZZLtiK. EE«/«S* ; F-2 4aR^2 4bi:at«ai51 
6 aRtfl 6 b«h&-#Wlc»^, ffifctt. 
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C©*f£\ mm&f&mz£ Q!£m/mi£M z F2 4 aM'2 4 b£MTS^£ 
WO. 01-5^m, ffiKltO. 0 5-3 wmOEEm-fe^S -y^^cZ)^ 

•fe^5y^yj->«S#5 8^120 or~i 6 o o-co^TK. 
LT-fe^S y?M#6 0£f#fc&* ^iz^5 y^M{*6 0Ofi»M 
fitz-^(OSffi2 8*E|JgiJ. «U ifct^T, JBE«/*£JI 2 6 £15*1, ffififcU 
Hid. MO«g3 O^EpjgiJ, j&z&LTEE^/mM^ 2 4 a&tf2 4 b 
TS. ^-Ci, *«S2 8SrX3 0*KftleIKCaS[fe{c:»SH!-r5fc«>CQSSil^3 
2&tf 3 4^™. j&fiTfS. 

d-T, -#<0«fi2 8 dibTS^ (Pt) , JE«/*SJB2 6iLT^;i/3 
>&^>&fQ (PZT) , fl&;fr©*«3 0£LT& (Au) , ^T3 2 

£:tf3 4£LT& (Ag) &o\Z, &«#©&j£fig#&Ji®fcftc>Tte 

m%tZtt®$:mVl?ZZ\£lZJ:r), J£m/M&m?2 4 a&?>*2 4 b© 
§OTi«f3 2S^3 4^«TOLT. 1 ST— fr^-TS - <h 

£ifc. 4 a&£>*2 4 b ©&£B#<h*fi^3 2&tf3 4li, ^ 
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^feEH/SfglH 1 2 4 aM2 4 b£^fi£LT&£. £ 2/£?'J->fS 

1* 5 8 tltm/MMM* 2 4a Rtf 24bt £!^R#i::^,$"f 5 •- 1 L < 

%=?2 4 aRO<2 4 bO-r^T0*tfiJtKtC*H^T^$fT5J;5f3LTt>«J;<. 

-scorns 2 8 t±7s.yt7#v->mm#5 s tzmmm&Lfcv. miwm 

m%/nmM=f-2 4 aM2 4 btt^S y ? 'J - 5 8 ££R]H#& 

ft« 1 6 aRtf 16 b, M/M® 2 6 , 0££B 22t SEP^C^ST 37j 
^U->«JB#5 8 O^fflRtX/XttEES/mSJB 2 6(C^J6€®2 8 £ML 

#£31 6 a&tf 1 6 b£&*gB£C**U->ft*JfcJ:9ffC'3agat : P2 4 
a&tf 2 4 b(D&ffif&m-T:&Z>mm2 8W30. EES/MS 2 6 £Jgfi£U 

t<fcoT3ia*€$ns*«, -kcs. 5 0 cc-i 5 0 ox:t$>q. &m/n 

HB2 6CttLTte, $?£l,<t±l 0 0 0t:~l 4 0 OVT'frZ. £(0%$. B 
/W5 8^|s]RfKT^)^(Ctt, M#0ffi&&#££frtt*;:£#&3?T 
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i ot«tsaai 2^j5fe^tisgm («ciWC2#i) -ess. 

Hi 8 tc^Tct "5 tc. t5* ytmftl 4Ci:ff$/«^ 
^2 4 a&tf2 4 b^fiJt^n. HC, i!BnJftSli2 0©rtl2 0 aMl 
0 2 7WBfifc£n. ffllSH^gJ2 2 fC^S^l 0 4 a^HulBMl 0 2fcA0&tr 
7 h yA«*r 1 0 4a*JBjSSn*HEE«/«£7WX 1 0 A^#5. 

Mt, frE'5IK8B2 0Ortfg2 0 ale Ml 0 2fimfcZn. (tfj§EH£9$2 2 K 
5feSgaEi 0 4 aj&ffi&SMBl 0 2l:A0MXh-y/^Wl 04«^txfcff 

£) $it-5<5J^^^«^l 6 aM'l 6 bC^^D, I^CiotH 
^0fi|frK«fc?T»«8& 1 6 a&tf 1 6 b*«Ka-r**-€-n^*5. bri>U * 

^mwmtij, Mfexh^A-^i 0 4r^ct^:w5^, 

©Sift mm) jWBHSStL ffit/tIf/H7 1 0 A©4If4^ t5 " 
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OAa-lOAiC*™, WlOOCMtLT, i>Jft» 2 0 ©AS 2 0 
afC«£n£Ml 0 2 @£$2 2©«2 2 aKltSttbtl, MlO 
4 a^SufBM 1 0 2 flCAOi^fc** b 1 0 4 ££WT ©=t 5 tC Lfc 

0 1 9 iC^I-fg 1 0 <D%m\Z#Z&'%/%&T/W X 1 0 A j <D 
cfc-StC. @£S£2 2©f*lM2 2 afCMl 0 ffift*iWl®2 0 ©fig 

2 0a icWIE* h >y« 1 0 4 £^fi£LT, ffiIE«« 1 0 0 £$fiTf 5 «fc-5 C 

C©«£k. W2 0^i$« 1 6 aS^l 6 bCttLT. »^2 0^> 
SIS16a&^16b^<ll («) ^t^cfc^^^W^^^^ 
mtmmi 0 0i:J:DW2 0*»«&1 6 aRtfl 6 b ©» « 
pg^tt, *■©*§*, Ml 6 aSt^l 6 bOt^^JhtS-i^tS. 

6 aStfl 6 b©»*£ff<T*&£*<fc^fc*. 

m 2 <Dnm<DBmz&zmn/%m : r/w x 1 o b ic^^tb 2 0 £# 

&S«0U 0 Aa~l 0 A i t#JST5««I^^TraW#^^T-€-OM 



Z\<D&2<Dnm<D&&\Z&Z>l£*/&& : r/UXl OBH 02 0i:ST«fc5 

20 5^. S«3M 6 a Ml 6b©fi6.&iHIB-rs»*l 0 Off* @£gB2 2©[*] 
M2 2 aK!K^6nfc2*Ol»«*#l 2 0 aRtfl 2 Obi, 0 01*1 

JK2 0 aldRttSn, ^M«l 2 2 a*«l»E2*©«i»#l 2 0 aRtfl 2 0 
bMKAO&^X 2 2fc**l/t*]*Snw*jft-Cft&3. 

£©#&*>. SHE* hyrt«*U 2 2©ft»«l 2 2 a*5FTft»2 0©« 

25 *!6lK:»ofcfiaEa«»tf 1 2 0 aXttl 2 ObSfOifiEi^ 0 
^f*«»l 6 a W 1 6 b WtS 5 1 1 b^. 
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,t, "TM2 O^WfcM 1 6 a&tfl 6 bOMW) (MM) 1)*ffl!&2tl2>Z\tiZ 
£5. #C, Sgtrg&tt 1 2 0 aStfl 2 0 b^S^ch^^tCctSTZ^^ hJ±£ 

$#1 2 0 a&tfl 2 0 b{C^fcS^<hfCck5«**!lftJRT5^i^^S. 
5 0 2 1 l:it3Eil«l:«5fft/«Ir/H^ 10Ba©J:5i:, pIW 

SB2 0 0^12 0aC2*OiWl 2 0 a&tf 1 2 Ob§»H H^SK 2 2 
<Df*)lg2 2 a IIfJf27. h y ASM* 1 2 2 ^I6tj-S«t "5 (C LTfeik 

^ic. %3<Dmm<Dmmiz%z>j£m/mmf : /u*i oc«^tbi2 2£# 

10 &m%BMl OAa-lOAi £ftfclTZ&mz-?^Xtemft^&ttls~CT:<Dm 

SMSB&l 6 a&tfl 6 b©«£frJBT<r SttWfl 0 H£SB2 2©fl 
15 IS 2 2 a^bTLS&l 2l*llc:iRl^ot^$nfc!6ftiLa5l 3 0 £WLT®/£$n. 
SSifiLSl 3 O^biulB^rai 6 a&tf 1 6 b £T©*£E«L i j&<83«SB 
1 6 a^l 6 bOSSWfF^IB^TCS^^tlTVJS^T^S. 
Z\CX\ ft^mfttlt. 3^ 1 6 aRi; 1 6 b i«2 0 iOS^f 
6aMl6 b£@£g&2 2 5 
20 * (««Lfc^B*fi> 0*«8B1 6 a&tf 1 6b®Jg«£V>5. 

0^»tR»l 6a016 b<Z)M (M) ^OfT^EimT * 
Ml 6 a&tfl 6 b(DttLtf&&G%l\ZVi±'tZZLtff?$Z>. ^<2« 

25 <h#lCt)> 6 aWl6 b d^*»CMI8$ 

n<5filji®fc*» $«1 6 aRtf 1 6 bcD^Wih^^Tfe^o 
±j&<DMX'\t. -ttomfcUl 6a01 6 b(CEEm/m«^2 4aSI/2 
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S/Sir/H * 1 0 D cD=fc 5 fc. -#£>$M£gfl 1 6 a KJES/M^ 2 4a 

ZO)£?\Z. Wt^-^i«Sil 6afttfl 6 b 0tt*ffl!l0»«S5 1 6 a 
<Dfr\Z&n/n&$? 2 4a &BtfLL1tE%/nm7/W XI ODH EE€/t 
2 4 b£^c2nT^&^i$«l 6 b0M££'h£<T*;i£a*T£5. 

^Oig*. M#J^ffm/'lS^2 4 aSl^2 4 b^^^ntl^El/i 
£xA'-fX (Wilfi 8 CitES/ilf/H X 1 0 A g ) t. n-fflO^f'BE 

/ng%¥2 4 a^jS$tlfcES/*ir/HXl *ffrT3ffl!tf> 
SMSffil 6 bC0HiJi4^i£^ci:^o^^^« 5ns £^54* 

0 A a ~ 1 0 A i tfcUTIt 7h7/Wl 0 4i:b«Ofe©^t^J 
£thL£#. rOHS. 02 4©^5©|IMC0^^(C^skm/mSx/^X 1 0 

ll:ffi521/*ir/H7 1 0 E07hy«l 04!1 $g 1 ©^JgcO^jS 
K:fl*5JE*/*S'rA*-f X 1 hyA*8Wtl 0 4 h% 3 <0%W>W&\zM 

Z&n/n&T'UZl 0 COfgfiiLStl 3 0££&^£t>i££$$<h&-pT£ 

104aH pJftBK2 0<Dfom2 0 a »cSI*5nfc!H8& 1 0 2rtfcA0&A>£JB 
(hy'^Tt^. fc4b\ ff^ai 4 2d^W«3»«SRl 6 a^l 6 b*T®*£ 
SEgiL i^r>*l'rai O.2rt£A0&^cSl*SBl 4 4©W1 0 4 afr&nJ 
m^2 0(D%&JjmzB^tzMtZW%l 0 2 ©Ml 0 2 a£T-©SMSEKL c 
6aWl6 bOigilBO^Ifi^TCaje^nT^S. 
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^©ffi, 02 5<Dm6<DmM(DWMiz&z>i£m/MmTrt'( z 1 0 fic 

^Tcfc^iC, JPiawfitftU 2 0 a&tf 1 2 0 b j&> S h&3E»«8B 

16a01 6bJTOlML i MiC^h^A'Ml 2 2 ©5fcJSS& 1 2 2 
aA^"Ift3 2 OCO^fi:^[p]fC»orc§Mrai 2 0 a&tfl 2 0 b^M 

\ZttLTm£WZ&< tZZrz®. W2 0tW:IMl 6aS^16 blC^ 
TH 1 ©HJg©^SHC^5JEES/'Sl^x/t-f' XlOACilO ( 1 0 A 

j ) 021 \z^-tm2<o%m<D^m\z^^M/nM^u 1 ob« 

#J (lOBa) CfcjlJ8$-tt5::£#T*#5. 
&*>\ 01 9^>^2 1 (C^Tct^tC, pIia52 0 l:Xh^/Ml0 4« 

atfno as.z>'i 2 obi&rrsfcoco^m «2 o ©s?*j&*Jt;nirr 
tzztfi* mmmiz>vmo)m&nm*mm?zt>v^izmmisrcm&\t, &m 

-ir>it^tLTfijfflT^^t^T^, mz. «$*&^©&s*it£ 
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1. *S^|Pl-r5-^©»«g|5(16a.l6b) aJM(20)£> ^tlbMSE 
( 1 6a . 16b ) t PfM ( 20 ) ££JTf * ( 22 ) £ * ^flt L » 

HU^-MO»«S ( 16a . 16b ) O a 13 . '>fc < 1 1> 1 ? <D (16a, 16b) I' 
1 J^±©ffi€/SS^ J F(24a,24b)«S$n, 

^3E-MW^gl5(i6a,i6b)Mrt^^^fS^W(2O)ro«(20a)^nfjE 

@^(22)OrtS(22a)(bJC«fc07La(12)«^$nfcEE€/«S7 s A'rZT 
9ng2»«Si{(l6a.l6b)©ii'lBS:fellfiTS«l«5(ioo)^^-r5^i:^1#aiT 

t(JlS««l(ioo)H, 

iIIHpISfca5fco)©rtg(22a)tCJg)«$nfcDaS(i02)(i:. 
BfllB@^(22)©rtH(22a)(C^^bn. 5feM(l04a)^i1liBM(l02)l^l 
fCA 0 &A,fc7. h -y 104 ) <h£rf 3 Ct£^atT5E«/aSf/H 

§9ffi**(ioo)tt, 

&GI3@5£ffi ( 22 ) © F*jg ( 2 2a ) \ZJ&J& £ tlfc CflgP ( 1 0 2 ) £ , 

gaffiWftSU(20)OrtS(20a)lwKtf&n, ft««<104a)#ffi3BlHlffi<102>{*J 

tc a o & a,£x h 7 /1 mi ( 104 ) * a c t m®t?z>j£n/nm7 i /u 

4 . If 2 Xtt 3 |B«0>BES/«£7W 7 £33 HT, 
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ofcir35ElSI5rtg(io2a)*T©«MB§«(Lc)^ ituSBMSE ( 16a. 16b) ©H 



5. §t«L!2^E«/'S^x/WX(C43^T, 
MEH^«(22)WrtS(22a)tCK^bnfc2*©«af»«:(120a.l20b)(!:. 

huE^T»J^( 20 ) 20a) bti, ( I22a)^tul5 2 

# ( 1 20a , 1 20b ) ic A 0 2^ Ac 7. h y AM ( 1 22 ) t £ £"T 5 C «b £ T 

ffiB2«*J(ioo)«, 

WE^T»«( 20 ) <AfiM( 20a) Cs£tt£n/i 2 *©*g«f8S*f ( 120a. 120b) £, 
afIE@^(22)CDrta(22ajt^&n, fc«3(122a)a<i&ffi 2*0&«SB 
#(120a.l20b)r^CAD &A,*fX h 2/ /^«( 122) t^TSdt £#»<!: -T 

7 . 5 Xte 6 E«©BE«/m^x/t< X Cfc^T. 

OTXh>yAW(i22)O^Se(i22a)^bMI5™^(20)O«^^^ 

o fcWffift«»*t ( 120a. 120b) fl&IES«S( 16a. 16b) ©fi 

iuieM(ioo)«> 

S5ffi0^g5(22)Ortg(22a)A> 6^(12) Wtl6l*^T^Snfc!Sai^SI5 

(130)£^U 

SffE!SaiL35(i30)A^Baffi»ffi«(i6a.i6b)*T<D*jSEK^«»«« 
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9 . mm i ~ 8 cD^rn^ i ^ztmtDR.n/n.m^m x \z&^x, 

( ioo ) «, 1 7 = ? v'v u - >*ts# ( 58 ) zmmmfctz z\t\z&o x-mt 

10. m^vuM.vR.m./m.m^niT.iz&^T. 
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